Assessment of indoor air quality in geriatric environments of southwestern Europe by Pereira, Ermelinda et al.
ORIGINAL PAPER
Assessment of indoor air quality in geriatric environments
of southwestern Europe
Ermelinda L. Pereira . Obete Madacussengua . Paula Baptista .
Manuel Feliciano
Received: 15 October 2019 / Accepted: 3 December 2020 / Published online: 1 January 2021
 The Author(s), under exclusive licence to Springer Nature B.V. part of Springer Nature 2021
Abstract The objective of this study was to evaluate
physical–chemical and microbial indicators of indoor
air quality in three nursing houses (NHs) located in
rural areas of the northeast of Portugal. The param-
eters were measured during two campaigns (winter
and summer), twice a day, and in four distinct spaces
for spatial variability assessment: dining room, living
room, double bedroom and outdoor of the NHs.
Physical–chemical indicators were assessed by using a
Graywolf IQ 610 probe. Airborne microbial levels
were evaluated by direct impaction to the culture
media, and subsequently, the microorganisms were
identified molecularly. Mean concentrations of phys-
ical–chemical (with the exception of total volatile
organic compounds, TVOCs) and microbial indicators
did not exceed the legal limits. Overall, in all NHs, the
indoor-to-outdoor (I/O) concentration ratios of chem-
ical and biological pollutants were B 1 in the summer,
while in the winter were[ 1. Bacillus, Micrococcus
and Staphylococcus were the dominant bacterial
genera, and Aspergillus, Cladosporium and Penicil-
lium were the dominant fungal genera. The diversity
of species was higher in summer. The main results
suggest that a good air quality prevails in all studied
spaces, although conditions less desirable have been
identified in winter, indicating the need to deepen the
study of air quality in these places, since these are
occupied by elderly people who are more susceptible
to infections.
Keywords Nursing home  IAQ  Biocontaminant 
Indoor/outdoor ratio  Carbon oxides  Shannon–
Wiener index
1 Introduction
Indoor air quality (IAQ) is one of the main factors
affecting health, well-being and productivity of people
(Hayleeyesus and Manaye 2014). In general, poor IAQ
is related to the presence of pollutants (biological and
chemical) and inadequate physical environmental
conditions (temperature and relative humidity), to
which occupants of indoor environments are exposed
(Hayleeyesus and Manaye 2014; Sattar and Bact
2016).
Biological pollutants, also called biocontaminants,
consist of biologically originated aerosols such as
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metabolites, toxins or fragments of microorganisms
that are ubiquitous in the environment (Kim et al.
2018). Indoor bioaerosol pollution can be caused by
outdoor sources, building materials, furniture, occu-
pants, pets, house plants and organic wastes (Kim et al.
2018). In addition, human activities, such as coughing,
washing, talking, walking and sneezing, are also
capable of generating bioaerosols (Hayleeyesus and
Manaye 2014; Chen and Hildemann 2009).
The presence of undesirable aerosols, bioaerosols
and chemical compounds, such as benzene (C6H6),
formaldehyde (CH2O) and carbon monoxide (CO), in
indoor environments is an important health and social
problem (WHO 2009; Kim et al. 2018; Jardim et al.
2015). Moreover, the effect of indoor pollutants on
susceptible populations (patients, the elderly and
pregnant women) can be very critical, due to the
reduction of their immune defenses and multiple
underlying chronic diseases in the case of older
patients (Karottki et al. 2013; Mendes et al. 2017).
Portugal is the country with the 8th oldest popula-
tion in the world and the 6th oldest in Europe, with
23% of the population over 60 years old (Almeida-
Silva et al. 2014). With the increase in the elderly
population, the number of nursing homes (NHs) has
been growing. This elderly population spends more
than 95% of their time indoors (Cheng et al. 2010;
Bentayeb et al. 2013; Almeida-Silva et al. 2014),
while population in general occupies about 80–90% in
closed environments (Hulin et al. 2012; Nadali et al.
2020). Therefore, people should seek to be exposed to
high-quality indoor air (Hayleeyesus and Manaye
2014). According to Faridi et al. (2015), due to the
inability of the older people to keep healthy, the indoor
air quality (IAQ) of NHs should be much better than
that prevailing in other indoor environments. In this
context, an assessment of the main IAQ parameters or
part of them can help reducing the impact of indoor air
pollution by providing information on ventilation
conditions, levels of concentration of pollutants, their
diversity and potential health risks to occupants of
these areas (Hayleeyesus and Manaye 2014; Cheng
et al. 2010).
In recent years, there has been a growing interest in
indoor air quality studies in residences (Lee and Jo
2006; Stryjakowska-Sekulska et al. 2007; Balasubra-
manian et al. 2012; Coombs et al. 2018), hospitals
(Mirzaei et al. 2014; Verde et al. 2015; Asif et al.
2018) and other places (Hayleeyesus and Manaye
2014; Zhu et al. 2003; Asadi et al. 2011; Hussina et al.
2011; Aydogdu et al. 2010; Mashat 2015; Zorpas and
Skouroupatis 2016). In spite of many studies of indoor
air quality in various environments, in NHs these are
scarce, and the few that exist were carried out in NHs
located in urban areas (Aguiar et al. 2014; Almeida-
Silva et al. 2014; Faridi et al. 2015; Yilmaz et al. 2017)
and other geographical world regions (Faridi et al.
2015; Yilmaz et al. 2017). These studies focus on the
seasonal variations of the microbial load (Aguiar et al.
2014), identifying only fungi through phenotypic
methods (Aguiar et al. 2014; Faridi et al. 2015). The
characterization of some physical–chemical parame-
ters of these environments is done separately
(Almeida-Silva et al. 2014; Mendes et al. 2017).
Despite these researches on air quality in NHs located
in urban environments, it remains unknown whether
the indoor and outdoor bacterial and fungal commu-
nities were dissimilar in summer and winter by
adopting molecular approaches. In addition, as far as
we know, no study has evaluated the air quality of
nursing homes in rural areas. We consider that the
surrounding environment is determinant for external
and internal pollution. In the present study, we studied
three NHs located in rural areas, under influence of
Mediterranean climate, in order to quantify airborne
microbial flora (bacteria and fungi) levels and its
seasonal contrasts, as well as complementing the study
with the evaluation of some physicochemical param-
eters (e.g., air temperature, relative humidity, carbon
dioxide, carbon monoxide and total volatile organic
compounds).
2 Material and methods
2.1 Brief description of the nursing homes
This study was carried out in three NHs (NH-A, NH-B
and NH-C) located in the northeastern region of
Portugal. The different buildings were built in 2013,
1996 and 2010 and improved in 2017, 2010 and 2016,
respectively. The usable areas are 1700 m2, 2700 m2
and 1300 m2 in NH-A, NH-B and NH-C, respectively.
In relation to the layout of the compartments, in all
NHs, the spaces for common use (dining room, living
room, physical rehabilitation room, technical offices
and laundry) are located on the ground floor, while the
rooms are located on the upper floor(s). In NH-A and
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NH-C, the kitchen adjoins the dining room, while in
NH-B it is outside the main building. The number of
residents in each NH is also distinct (44 in NH-A, 66 in
NH-B and 29 in NH-C), but in all of them the area for
each occupant is about 40 m2.
All NHs are located in rural areas, close to
agricultural activities, with low population density
and very low road traffic. The surrounding areas are
characterized by the absence of industrial activities,
public car parking lots, landfills and other relevant
sources of outdoor air pollution. All buildings have
external double wall in plastered masonry, with
insulated material between walls. The buildings have
central heating systems and gas stoves in the kitchens.
The ventilation of indoor spaces, in the three NHs, is
natural either by air infiltration or by opening windows
and doors, especially in summer, while in winter
windows and doors opening is quite limited due to the
low prevailing temperatures. During the visual inspec-
tion of the buildings, no evidence of moisture or mold
was observed on the internal walls, ceilings, floors or
furniture.
2.2 Sampling procedures
The study was performed from the beginning of 2017
till the end of 2018. Sampling periods took place in the
summer of 2017 and in the winter of 2018, at each NH.
Our sampling strategy was designed to best represent
the environmental conditions prevailing in the differ-
ent NHs during typical summer and winter days.
Moreover, the measurements were carried out under
normal conditions. It means that the managers of each
NH were not asked to change the daily routines of their
internal workers, their external service providers and
their users. The samples were collected twice a day: in
the morning somewhat after the beginning of NH
activities and at afternoon after lunch time. In each
NH, measurements/samplings were performed in four
different spaces: dining room (DR), living room (LR),
double bedroom (DB) and outdoor (Out) of the
building. The selected indoor locations are those
where residents stay longer and/or where occupancy
rate can reach higher values. Outdoor sampling was
performed as it is an important source of indoor air
pollution and to allow comparison with the values
obtained inside buildings (Jardim et al. 2015). Oper-
ational conditions were recorded, such as the entry or
exit of vehicles in the home parks, burning of
agricultural biomass, cleaning activities, cooking
meals, number and activities performed by occupants.
The cleaning of the rooms is done in the morning
(9–10 am), while in the areas of common use it is done
at noon (13–14 pm) and at night (20–21 pm). The
elderly population spends their time talking to each
other, watching television and playing games (e.g.,
dominoes and cards).
Indoor and outdoor measurements of the physical–
chemical parameters: air temperature (T), relative
humidity (RH), carbon dioxide (CO2), carbon monox-
ide (CO) and total volatile organic compounds
(TVOCs), were measured in each compartment (DR,
LR, BD) and outside (Out) for a period about 30 min
(15 min in the morning and other 15 min in the
afternoon). The sampling time used by ourselves has
been also adopted by several researchers in IAQ
studies (Asadi et al. 2011; Haas et al. 2014). In each
space the Graywolf IQ 610 probe was placed in the
center of the room 1.5 m high from the ground. This
probe was verified and whatever necessary it was
adjusted with traceable reference gases before each
measurement campaign. CO2 was measured because it
can have influence in human wealth, especially in
cognitive functions at low concentrations, but princi-
pally because is a good indicator of ventilation and
consequently an indicator of indoor air quality (Ro-
drigues and Feliciano 2019).
Total cultivable airborne bacteria and fungi were
collected using a portable Surface Air System (SAS
Super IAQ, International PBI, Milan), with a constant
air flow rate of 100 L/min. The medium used for the
collection of bacteria was Tryptic soy agar (Liofil-
chem, Italy) with cycloheximede, 0.5 g L-1(Sigma-
Aldrich, St Louis, MO, USA), while the collection of
fungi was made on Rose Bengal Chloramphenicol
agar (Liofilchem, Italy). Each of these measurements
was made over a period of 2 min to get an air sample
of 200 L. These short sampling times were chosen in
order to avoid overlap of the colonies during the
culture process (Haas et al. 2014) and is suggested for
normal areas by the manufacturer. The sampler was
placed about 1.5 m high from the floor in three central
points of the compartment to assure a good represen-
tativeness of the breathing zone. For each sampling
point, the air sampler was always wiped with alcohol
between sample collections to avoid cross contami-
nation. Triplicate samples for each culture medium
and for each sampling period were collected for every
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sampling point of each NH (DR, LR, DB and Out).
Two field blanks were assessed for every NH, and no
field blank samples were positive. For each season, 48
samples were taken from every NH (including 24
samples for bacteria and 24 for fungi). A total of 288
samples were collected in all NHs (144 bacterial
samples and 144 fungal samples).
After sampling, the agar plates were transported to
the laboratory and incubated at 37 ± 1 C for 24–48 h
for bacteria and at 25 ± 1 C for 48–72 h for fungi.
The number of colonies obtained was adjusted using
the conversion table provided by the manufacturers,
and the concentrations were expressed as colony-
forming units per cubic meter of air (CFU.m-3).
Single colonies were picked and cultivated on plate
count agar (Liofilchem, Italy) for bacteria and potato
dextrose agar (Liofilchem, Italy) plates for fungi to
obtain pure isolates for subsequent identification. At
first, groups of strains were formed according with
their morphological similarity and then one isolated,
representative of each morphotype, was selected for
molecular identification.
2.3 Molecular identification of bacteria and fungi
Genomic DNA of bacterial and fungi was extracted
using the REDExtract-N-AmpTM Plant PCR kit
(Sigma, Poole, UK), following the manufacturer’s
instructions. The bacterial V1–V4 region of 16S rRNA
was amplified using the primer V1f and V4r (Cai et al.
2013). Each 50 ll PCR reaction contained 2 lL of
DNA extract, 1 lL dNTPs (10 mM), 5 lL buffer
(10x), 1.5 lL MgCl2 (25 mM), 0.5 lL of DFS-Taq
DNA Polymerase (5 units/lL) and 1lL of each primer
(10 lM). The samples were then placed in the
MyCycler Thermal Cycler (BIO-RAD) with the
following thermal profile: 1 cycle of 94 C for 2 min
(initial denaturation); 30 cycles of 94 C for 10 s
(denaturation), 50 C for 20 s (annealing) and 72 C
for 1 min (extension), followed by 1 cycle of 72 C for
7 min (final extension).
Fungal isolates were identified by amplification of
the internal transcribed spacer (ITS) region (ITS1,
5.8S, ITS2) of rRNA gene. The ITS region was
amplified using ITS1/ITS4 primers sets (White et al.
1990) in a PCR protocol formerly described by
Oliveira et al. (2012). The amplified products were
purified and sequenced using Macrogen Inc. (Seoul,
South Korea) services. Obtained sequences of DNA
were analyzed using DNASTAR v.2.58 software, and
species identification was performed using the NCBI
(http://www.ncbi.nlm.nih.gov) and the BLAST algo-
rithm. BLAST results were sorted according to the
higher identity score and the lowest E-value. BLAST
search was performed with a query coverage of
C 80% and C 96–100% sequence similarity for
assigning a species name in one of the following cat-
egories: (i) positive species identification for sequence
similarity of 100%; (ii) possibly this species (suffix
cf.) for sequence similarity of 99%; and (iii) certainly
not this species, but taxonomic closely related (suffix
aff.) for sequence similarity of 96–98%. Taxonomic
classification at genus level was adopted when equal
BLAST top score similarity values (ranging from 96 to
100%) were obtained for different species of the same
genus or BLAST top score inferior to 96%, but with
several species belonging to the same genus. Classi-
fication at the family, order and class levels was
adopted when BLAST top score similarity values
were\ 96% for several fungi, all from the same
family, order or class, respectively.
2.4 Data analysis
Statistical analyses were performed using the Software
Statistical Program Social Sciences (SPSS) version
20.0 (SPSS Inc., Chicago, IL). Shapiro–Wilk test was
used for normality testing. The microbial data fol-
lowed a log-normal distribution; therefore, all analysis
using total bacteria and fungi data were performed on
the log10 transformed data. Data were subsequently
back-transformed to assist in the reading
interpretation.
Descriptive statistics were presented as arithmetic
means and standard deviation. Analysis of variance
(ANOVA) was used to analyze the statistical differ-
ence on physic-chemical parameters or microbial
abundance among different sampling sites of each
nursing home, and the averages were compared using
Tukey’s test (p\ 0.05). To evaluate differences on
physicochemical and microbial parameters between
the two seasons (summer and winter) for the same
place, t Student method was used. The indoor-to-
outdoor (I/O) ratios were calculated to determine the
impact of outdoor sources on indoor air
concentrations.
Microbial diversity in each nursing home for the
two seasons was assessed by evaluating the relative
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abundance (i.e., relative No. of isolates), richness (i.e.,
No. of operational taxonomic units—OTUs) and
diversity by computing Simpson’s Reciprocal Index
(1/D) in Species Diversity and Richness v. 4.0 (Seaby
and Henderson 2006). The relative abundance of each
OTU/genus was also determined by dividing the
abundance of that OTU/genus by the total abundance
of all OTUs/genera combined.
Non-metric multidimensional scaling (NMDS) was
carried out to explore the similarity of microbial
community composition among the indoor and out-
door of each nursing home. NMDS was performed
using the Bray–Curtis similarity index (Bray and
Curtis 1957). Analysis of similarity (ANOSIM) was
used to evaluate the significant differences (p\ 0.05)
among the clusters obtained in NMDS ordination. This
analysis compares bacterial/fungal composition
between clusters and generates an R-value ranging
from 0 (completely similar) to 1 (completely dissim-
ilar) (Clarke and Gorley 2015). This analysis was
conducted using the Bray–Curtis distance matrices,
with 1000 permutations. When a significant difference
was observed, similarity percentage analyses (SIM-
PER) were performed to reveal which bacterial/fungal
OTUs contributed to the dissimilarity among the
samples (with 0 being completely similar and 100
being completely dissimilar). All these multivariate
analyses were performed by using the Community
Analysis Package v. 4.0 (Henderson and Seaby 2007).
3 Main results
3.1 Physicochemical indicators
3.1.1 Air temperature and relative humidity
Figure 1 shows mean values of airT and RH registered
in each monitoring site during the day (morning and
afternoon) for two seasons (summer and winter).
Overall, during the hot season (summer) the average
indoor airT and RH were similar to the outdoor values,
possibly due to the use of natural ventilation through
the opening of windows and doors. On the contrary, in
the cold season (winter) the average airT recorded in
each compartment was significantly higher (p\ 0.05)
than outside values. As expected, indoor airT values
were generally higher in the afternoon than in the
morning and the indoor RH values were similar to
those observed outside, except in the NH-A. Thus, the
minimum and maximum airT and RH indoor varied
between 17.5–22.9 8C and 37.5–58.7% in the NH-A,
19.4–26 8C and 26.8–51% in NH-B, and 18.9–24.7 C
and 29.9–56.1% in the NH-C, respectively. The lowest
values of airT and the highest RH were observed in the
dining room in winter season. Regarding the seasonal
variation, the indoor airT values in summer in the NHs
were significantly higher (p\ 0.05) than in winter.
3.1.2 Carbon dioxide
In the hot season, the average concentrations of CO2
inside the NHs ranged from 561 to about 850 ppm,
while in cold season varied between 792 and
1881 ppm (Fig. 2). In summer, indoor/outdoor ratios
(I/O) were near to 1 in all NHs (Table 1). In general,
the indoor CO2 concentrations increased in the
afternoon specially in the areas where residents stay
longer. The average indoor CO2 concentrations were
significantly higher (p\ 0.05) in winter than in
summer. Higher CO2 levels were found in the living
room (means of 1290 ppm in NH-A and 1701 ppm in
NH-B) and dining room (means of 1881 ppm in NH-
C) (Fig. 2). Also, the I/O ratio in winter was higher
than 2 indicating low air renewal rates (Table 1).
3.1.3 Carbon monoxide
CO levels within NHs ranged from 0.8 to 6.4 ppm in
the summer, while in the winter varied from 0.7 to 2.9.
The highest mean concentrations were observed in the
NH-A during summer afternoon (Fig. 2), due to
external factors as demonstrated by I/O ratios, which
were close to 1 in summer and higher than 2.0 in
winter (Table 1).
3.1.4 Total volatile organic compounds (TVOCs)
TVOC average concentrations were significantly
higher in summer than in winter (p\ 0.05), as shown
in Fig. 3. Indeed, indoor TVOC concentrations in
summer were around 1677, 1379 and 1916 lg/m3,
while in winter were about 558, 1045 and 963 lg/m3,
in NH-A; NH-B and NH-C, respectively. In summer,
the highest concentrations of TVOCs were observed in
the DR and LR. In winter, except for NH-B, DB was
the area with the highest concentrations of TVOCs.
123
Aerobiologia (2021) 37:139–153 143
Fig. 1 Daily, morning and afternoon air temperature and relative humidity in summer and winter at the different sampling sites in each
NH. Different letters by NH and sampling sites (DR, LR, BD, Out) indicate significant differences by the Tukey’s test (p\ 0.05)
Fig. 2 Daily, morning and afternoon carbon dioxide and carbon
monoxide concentrations in summer and winter at different
sampling sites in each NH Different letters by NH and local
sampling (DR, LR, BD, Out) indicate significant differences by
the Tukey’s test (p\ 0.05)
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3.2 Microbial indicators
3.2.1 Bacterial and fungal abundance
Bacteria and fungi abundances, in summer and winter
in different sampling sites, for nursing homes are
presented in Fig. 4. In summer the average concen-
trations of bacteria and fungi were higher than in
winter, with significant differences (p\ 0.05) in NH-
B and NH-C. Thus, the average values of bacteria and
fungi in the indoor air of NHs ranged between
121–319 CFU/m3 and 63–221 CFU/m3 in summer,
respectively, and between 2.5–179 CFU/m3 and
21–264 CFU/m3 in winter. Differences between
morning and afternoon periods were also identified,
but they were not significant for most observations
Table 1 Indoor/outdoor ratio of chemical and biological pollutants concentrations over each nursing home
Nursing home Summer Winter
CO2 CO TVOC Bacteria Fungi CO2 CO TVOC Bacteria Fungi
A 1.0 1.4 0.9 0.6 0.9 2.5 2.7 4.5 18.2 0.4
B 0.9 1.0 1.3 2.1 0.8 2.1 2.2 3.8 1.4 1.3
C 1.3 0.7 2.0 0.7 0.6 2.9 6.2 3.3 6.1 3.0
Fig. 3 Daily, morning and afternoon total volatile organic compounds concentrations in summer and winter at different sampling sites
in each NH Different letters by NH and local sampling (DR, LR, BD, Out) indicate significant differences by the Tukeys test (p\ 0.05)
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made in any of the NHs and compartments. Indoor/
outdoor (I/O) ratios for bacteria and fungi were less
than 1, in summer, except for bacteria in NH-B (I/
O = 2.1), which is an indication of a greater contri-
bution from outdoor sources (Table 1). In winter, the
average concentrations of bacteria and fungi were
generally higher inside than outside of buildings.
3.2.2 Microbial diversity
The isolation of bacteria from all NHs allowed the
identification of 14 OTUs from 1003, 503 and 931 air
samples collected in indoor environments and 247,
181, 301 samples collected outdoors. The most
representative genus was Staphylococcus (39–58%
in summer and 46–72% in winter), followed by
Micrococcus (22–36% in summer and 10–26% in
winter) and Bacillus (19–28% in summer and 17–29%
in winter), while the least frequent were Solibacillus
(3%) and Kocuria (1%), identified only in summer
(Fig. 5).
Among the OTUs identified indoor with the highest
relative abundance are M. luteus (24%), S. petrasii
(31%) and M. luteus (37%), in the summer samples,
and S. hominis (31%), S. haemolyticus (37%) and B.
simplex (27%), in the winter samples, for the NH-A,
NH-B and NH-C, respectively. In this study, the
species that were less frequent in indoor air were K.
rosea (0.1%), E. sibiricum (0.3%) and S. silvestris
(3%). The diversity of bacteria in indoor and outdoor
air, evaluated by the number of species (NE) and by
calculating the diversity index of Shannon–Wiener
(H), was higher in summer than in winter. Winter
values were lower, specially outdoors, as shown in
Table 2.
Concerning the fungi, ten genera were identified,
namely Alternaria, Aureobasidium, Aspergillus, Can-
dida, Cladosporium, Filobasidium, Meyerozyma,
Naganishia, Penicillium and Rhodotorula (Fig. 5).
In relation to the species identified in indoor air in
NH-A, NH-B and NH-C, the most abundant in
summer were Cladosporium sp.1 (24%), Aspergillus
sp.1 (24%) and Penicillium aff. simplicissimum (28%),
while in winter were Penicillium aff. glabrum (31%),
Aspergillus sp.1 (25%) and Cladosporium sp.1 (35%),
respectively. Regarding the diversity of fungal
species, it was observed that there is a greater diversity
of species in summer than in winter, both indoors and
outdoors (Table 2).
3.2.3 Microbial community composition
Non-metric multidimensional scaling (NMDS)
allowed a clear separation of bacterial community
Fig. 4 Abundance of airborne bacterial and fungal in summer and winter at the different sampling sites in each NH. Different letters by
NH and local sampling (DR, LR, DB, Out) indicate significant differences by the Tukeys test (p\ 0.05)
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into summer and winter groups (Fig. 6). This differ-
entiation was also corroborated by ANOSIM, which
showed a significant difference in bacterial composi-
tions between summer and winter (R = 0.83,
p = 0.001). This difference was much more evident
indoors (R = 0.90, p = 0.001) than outdoors
(R = 0.66, p = 0.01). According to the SIMPER
analysis, S. petrasii in NH-A (17%) and NH-B







































































































































































































































Fig. 5 Relative abundance
(%) of airborne bacterial and
fungal genera identified in








number of OTUs; Ind
indoor; Out outdoor
Nursing home Bacteria Fungi
Summer Winter Summer Winter
H NS H NS H NS H NS
A Ind 1.6 ± 0.1 9 1.2 ± 0.3 5 1.9 ± 0.5 10 1.1 ± 0.2 4
Out 1.5 ± 0.0 9 0.3 ± 0.4 3 1.7 ± 0.2 8 1.7 ± 0.2 4
B Ind 1.4 ± 0.1 9 0.2 ± 0.4 4 1.5 ± 0.5 7 1.4 ± 0.3 6
Out 1.2 ± 0.1 6 0.2 ± 0.3 4 1.7 ± 0.2 7 0.9 ± 0.5 4
C Ind 3.2 ± 0.1 6 0.9 ± 0.7 7 1.8 ± 0.2 9 1.2 ± 0.5 6
Out 1.3 ± 1.1 5 0.7 ± 0.6 5 1.7 ± 0.3 9 1.3 ± 0.4 5
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the species that contributed the most to these
dissimilarities.
Non-metric multidimensional scaling (NMDS) and
ANOSIM analysis showed that the fungal community
identified in summer was significantly different from
that identified in winter (R = 0.80, p = 0.001) (Fig. 5).
This difference was more noticeable in the indoor
(R = 0.82, p = 0.001) than in the outdoor (R = 0.72,
p = 0.001). According to the SIMPER analysis, Cla-
dosporium sp. 1 (15%), Aspergillus sp. 1 (14%) and
Penicillium aff. simplicissimum (25%) were the
species that contributed most to the dissimilarity of
the fungal community between summer and winter in
NH-A, NH-B and NH-C, respectively.
4 Discussion
The elderly people spend 95% of their time indoors
divided between bedrooms and living rooms
(Almeida-Silva et al., 2014). Thus, IAQ is important
for this sensitive group of people. In our study, indoor
airT and RH values found in summer and winter are in
accordance with those recommended by the American
Society of Heating, Refrigeration and Air Condition-
ing Engineer, which recommends temperatures
around 23–26 8C and relative humidity between
30–60% (Asadi et al. 2011), and by the Engineering
Institute of Thailand (EIT), which recommends tem-
peratures ranging from 24 to 27 8C and relative
humidity below 60% (Tungjai and Kubaha 2017).
According to Ormandy and Ezratty (2012), suscepti-
ble groups need to be at a minimal temperature of
20 C to avoid cardiovascular issues. Mourtzoukou
and Falagas (2007) also reported that cold air inhala-
tion or cooling of a part of the body surface is
associated with an increased risk of respiratory
infections. However, in the all NHs studied during
the cold season, the average values of airT were quite
steady and above 20 8C.
In the present work, the lowest airT values and the
highest RH recorded in the dining room in winter may
be related to the characteristics of DR, kitchen (water
vapor source) contiguous to the dining room, espe-
cially in NH-A and NH-C, and the low occupancy of
this space (only during the meal period).
In relation to CO2, higher levels were found in the
living room (NH-A and NH-B) and dining room (NH-
C) slightly above the protection limit (1250 ppm)
established by the Portuguese legislation (Ordinance
n.8 353-A/ 2013). Also, the I/O ratio in winter was
higher than 2 indicating low air renewal rates. This
finding can be attributed to the fact that during the cold
season the windows are closed along most of the day
and residents spend more time inside the buildings
(living and dining rooms) and therefore CO2 concen-
trations increase. It should be noted that occupants’
breathing is the most relevant source of carbon dioxide
in these spaces. According to Canha et al. (2017), low
ventilation rates promote the indoor accumulation of
pollutants, maximizing the exposure levels of the
occupants.
The highest indoor CO concentration values were
observed in summer and its origin was associated with


































Fig. 6 Non-metric multidimensional scale (NMDS) plot
corresponding to the clustering of bacterial (A) and fungal
(B) communities grouped by summer (squares) and winter
(triangles) in each nursing home (A, B, and C)
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justified by the frequent opening of windows and doors
that serve as an entrance zone of air pollutants from
neighborhood sources (automobiles and agricultural
biomass burnings). However, the short mean values
achieved have not exceeded the specific conditions
used for checking the conformity of CO in situations
of short-term exceedance (Ormandy and Ezratty
2012). Furthermore, CO values were systematically
well below the limit of 9 ppm averaged over an 8 h
exposure period established by Portuguese Ordinance
n.8 353-A/2013. On contrary, in winter the dominant
sources of CO were internal (I/O[ 1). The most
important source of exposure to CO in indoor air, in
developed countries, are emissions from faulty,
incorrectly installed, poorly maintained or poorly
ventilated cooking or heating appliances that burn
fossil fuels (WHO 2010). In addition, incense burning
in indoor spaces can be also a source of exposure to
carbon monoxide (WHO 2010). Thus, the proximity of
the kitchens to the DR in NH-A and NH-C and the use
of incense in order to eliminate odors, associated with
poor ventilation of the spaces, explain indoor CO
concentrations in those NHs.
In all NHs, TVOC concentrations in indoor air
compartments were higher than the limit values
established by Portuguese legislation, 600 lg/m3 with
100% tolerance margin (Ordinance n.8 353-A/ 2013).
In the cool season the I/O ratio was always higher than
3 in all NHs (Table 1). Our findings corroborate with
those observed by Yang et al. (2009) in school
buildings in Korea and by Langer et al. (2015) in
new houses in Sweden. Regular use of air fresheners
and cleaning products may be responsible for high
concentrations of TVOCs. This cause–effect relation-
ship was also referred by Asadi et al. (2011) and
Tungjai and Kubaha (2017). The recent rehabilitation
of buildings may also be at the origin of this problem,
since TVOCs can be emitted from the paint and glues
used (Jardim et al. 2015). Thus, as stated in Portuguese
legislation (Ordinance n.8 353-A/ 2013), a TVOCs
speciation analysis must be performed for the identi-
fication of the main volatile organic compounds
(benzene, trichlorethylene, toluene, styrene and tetra-
chlorethylene), as well as identify its main sources and
its potential risks to human health.
TVOC concentrations did not show a characteristic
morning/afternoon contrast. This finding can be partly
explained by some irregularity in the cleaning pattern
and in the behavior of the residents throughout the
daytime hours, making difficult repeat all sam-
pling/monitoring action under de same environmental
conditions. Nevertheless, morning/afternoon contrasts
were identified for CO2 concentrations, existing a
slight tendency for higher afternoon values, due to
human occupation and activities. However, in general,
the differences were not statistically significant.
Concerning the bacteria and fungi concentrations,
the present study shows a similarity in the concentra-
tions of bacteria and fungi inside and outside of the
NHs in summer (Fig. 4). Regarding the daily varia-
tion, there are differences in bacterial and fungal
concentrations in the morning and afternoon as found
in other studies (e.g., Hameed et al., 2009), but the
differences were not statistically significant for most
cases and no specific variation pattern was found
between morning and afternoon bacterial and fungal
levels. I/O less than 1 in summer was also reported by
Faridi et al. (2015) in retirement home (in Tehran city)
located in residential area (1.73 and 0.85 for bacteria
and fungi, respectively). In winter, residents tend to
stay inside living rooms, in larger number and for
longer periods (Almeida-Silva et al. 2014), under
lower fresh air renewal rates, which contributes for
increasing indoor biocontaminant concentrations (I/
O[ 1). Similar results were obtained by Faridi et al.
(2015) in the retirement home (I/O = 1.33 for bacteria
and I/O = 1.77 for the fungal spores). Nevertheless,
overall concentrations of bacteria and fungi did not
exceed the reference values established by Portuguese
legislation (Ordinance n.8 353-A/ 2013), which rec-
ommends indoor fungi concentrations less than out-
door concentrations; and for bacteria, the indoor
concentration should not exceed the outdoor concen-
tration by 350 CFU/m3. Also, if we consider the
classification for bacteria and fungi presented by Neto
and Siqueira (2000) (i.e., I/O B 1.5 good, I/O = 1.5
up to 2.0 regular and I/O[ 2.0, poor indoor ambient
conditions), we can assume that indoor air quality for
bacteria and fungi was good in summer in NH-A and
NH-C, and regular in NH-B. In winter, only NH-B
would rank well, while NH-A and NH-C were poor.
The existing seasonality showed by our results is
corroborated by other researchers (Zhai et al., 2018)
who reported that microbial air concentrations in the
same season do not show significant changes, due to
seasonal microbial stability, while in different seasons
and sampling locations differences are noticeable.
Despite the number of samples seemed to be
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insufficient to obtain a good temporal representative-
ness, the strategy adopted in this work proved
suitable to observe a similar pattern of seasonal
variation between nursing homes, which is in accor-
dance with previous studies (Yilmaz et al. 2017).
In our study, the most representative genera in the
air were Gram-positive, namely Staphylococcus, Mi-
crococcus and Bacillus. These bacteria are usually the
most prevalent indoors and outdoors, in all season, in
hospitals (Mirzaei et al. 2014), public buildings (Awad
et al. 2018), school dormitories and retirement homes
(Faridi et al. 2015). The abundance of these bacteria
both in indoors and outdoors air is related to their
lifestyle (saprophism and commensalism) and ability
to survive even in unfavorable environmental condi-
tions, such as dryness, intensive solar radiation and
chemical pollutants (Dietze et al. 2001). Staphylococ-
cus and Micrococcus are commonly found on human
skin (Awad et al. 2018; Madsen et al. 2018) and are
associated with opportunistic infections (Takeuchi
et al. 2005). Bacillus as endospore-forming bacteria is
widely distributed in soil habitats. This explains its
aerial distribution and subsequent occurrence in many
indoor environments (Gołofit-Szymczak and Górny
2010). In addition, the abundance of these genera is
also related to the conditions presented by most
buildings, specifically air temperatures ranging from
20 to 30 8C and moderate RH (40–60%) (Awad et al.
2018). In general, these conditions were verified in all
NHs. Other species, such as K. rosea, E. sibiricum
(0.3%) and S. silvestris (3%), were less frequent in this
study and their occurrence in indoor environments is
not widely reported and, when referred to, its preva-
lence is lower in relation to the other identified species.
Our study also showed a greater diversity of the
bacterial community in the indoor and outdoor air of
NHs in summer than in the winter.
Among the most common fungal species were
those from genera Aspergillus, Cladosporium and
Penicillium (Fig. 5), which is consistent with the
findings of the previous studies in NHs located in
urban areas (Aguiar et al. 2014; Faridi et al. 2015;
Yilmaz et al. 2017). For most indoor fungi, the
optimum temperature and relative humidity for
growth are 10–35 C and\ 90% (WHO 2009),
respectively, values that are observed inside NHs. In
addition, the high prevalence of airborne mold was
also related to its ability to survive in extreme
environmental conditions (temperature and relative
humidity) (Sharma 2005) and also their xerophilic
character, which makes them able to grow on soil,
dust, surface of building materials, seeds and many
foods (Jeddi et al. 2014). The airborne fungi identified
in the present work are commonly associated with
allergic diseases (Knudsen et al. 2017; Reddy and
Srinivas 2017). Regarding the diversity of fungal
species, it was found that there is a greater diversity of
species in summer than in winter, similarly to what
was observed with bacteria.
5 Conclusions and recommendations
Globally, the measured indoor contaminants levels
suggest that the three spaces studied have a satisfac-
tory air quality, although it seems evident that indoor
air quality is poorer during winter. Moreover, as these
spaces are occupied by the elderly, it cannot be
definitively concluded that such levels do not endan-
ger the health of the occupants.
In relation to airborne bacteria and fungi, the most
abundant bacterial genera were Bacillus, Micrococcus
and Staphylococcus, while the dominant fungal genera
were Aspergillus, Cladosporium and Penicillium.
Some of the bacterial and fungal species identified in
this study may cause opportunistic infections. Exam-
ples of these species are S. petrasii, S. epidermidis and
M. luteus and some species of Aspergillus genus.
However, the concentrations obtained in this study are
within the legal limits.
Outdoor conditions ambient appeared to not affect
indoor concentrations since the overall I/O ratios were
equal to or greater than 1.0. Therefore, further studies
need to be carried out to ascertain the possible internal
sources of pollution.
In view of the results obtained in this study, an
effective and accessible proposal for the three NHs
studied is to promote higher rates of natural ventilation
especially in winter, in order to increase fresh air
renewal and consequently assure a higher dilution rate
of pollutants. In addition, the use of natural ventilation
should take into account the influence of external air
pollution sources.
Particular attention should be paid to kitchens and
bathrooms, as they may be fungal growth sites due to
the high moisture content. In the case of kitchens, a
measure that could be taken would be to isolate them
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from the rest of the building, similar to NH-B, or
prevent direct communication with the dining room.
In a future research, it is important to include other
pollutants (e.g., PM10, PM2.5) and deepen the analysis
of TVOCs, by identifying the most prevailing in those
type of buildings and to evaluate potential conse-
quences on the health of the occupants.
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